TISSUES PART 1
I. Introduction to Tissues

A. Definition

Tissues are groups of similar cells (and extracellular material) that perform similar functions

Study of tissues = histology

Right now, tissues are a big area of study in medical research because researchers are trying to create artificial tissues to replace the tissues that are damaged or can’t repair themselves. For example burns can seriously damage the tissues of the skiin. A cartilage can become permanently damaged in knee injuries or repetitive use of the knee. Ulcers can seriously damage tissues in diabetics.

B. Types of Tissues

Humans are made of just 4 basic or primary tissue types:

1. Epithelial (covers the body and lines its organs and cavities)

2. Connective (connects and binds other tissues)

3. Muscular (movement)

4. Nervous (communication and control)

These tissues differ in 

a) the shape and structure of the cells

b) the kinds of fluid or secretions (if any)

c) the nature of protein fibers (if any)

Each of these 4 primary tissue types can be further subdivided into several more specific tissue types:

II. Epithelial Tissues

Epithelia are avascular layers of tightly packed cells. The cells form a barrier that cover body surfaces and line internal organs and cavities.

A. Structure (general)

1. Tightly Packed Cells

The cells are packed tightly together with little or no fluid or protein fibers between the cells. 

This is important because if the barrier breaks (e.g. by a burn or some abrasion), bacteria can enter the underlying tissues and cause an infection.

Some epithelial cells have microvilli or cilia. This is in organs where absorption or secretion takes place (e.g. digestive and urinary tracts).

2. Specialized Contacts

Adjacent cells are directly joined at many points by special cell  junctions.

3. Free (Apical) Surface

All cells have a free upper (apical) surface and a lower (basal) surface. 

By polarity it means that the cell regions near the apical surface differ from the regions near the basal surface. 

4. Attached at Basement Membrane

Epithelial tissues are bound to underlying tissue layers by the basement membrane. 

The basement membrane is a network of protein fibers (that lies between the epithelium and the underlying connective tissue. It determines which molecules from capillaries in the connective tissue below are allowed to enter the epithelium. It also acts as a scaffolding along which regenerating epithelial cells can migrate.

5. Avascular 

Epithelial tissue lacks a direct blood supply (it is avascular) (a = without; vas = blood supply) 

So receive nutrients and oxygen and get rid of wastes by diffusion from blood vessels in nearby connective tissues or from free surface. 

Typically the basement membrane and underlying connective tissues are richly supplied with blood vessels.

6. Innervated

They do have nerve endings

7. Can Regenerate

The epithelial tissue is capable of regeneration. Recall these tissues are often found lining organs or covering organs so exposed to friction or exposed to bacteria, acids, and smoke.

B. Types of Epithelial Tissues

Epithelial tissues are classified by number of cell layers (simple =1 cell layer; stratified = more than 1 cell layer) or cell shape (cuboidal, columnar, squamous (squashed)). 

1. Simple Squamous

Description: 

single layer of thin, flat irregularly shaped cells 

Location: 

Air sacs of lungs (alveoli), lining of nephrons in kidneys, lining of heart chambers, lining of blood vessels, serous membranes of body cavities

Functions: 

Diffusion (gas exchange) in lungs

Filtration in kidneys (this is why cells are so thin)

Secretion of lubricating substances in serosal membranes

2. Simple Cuboidal

Description:

single layer of cube shaped cells; 

nucleus is spherical and centrally located 

Location:

thyroid gland follicles, line kidney tubules,ducts and secretory regions of most glands, surface of ovary

Functions: 

Secretion (ex. tears, saliva) 

Absorption (reabsorption of water in kidneys)

3. Simple Columnar (Nonciliated and Ciliated)

Description:

Single layer of long, column-shaped cells; 

nucleus is oval and at base of cell, 

some cells may have cilia, 

may have mucus-secreting glands (goblet cells)

Location:

Nonciliated: lines most of digestive tract (except stomach), 

Ciliated: line the larger bronchioles (tubes in lung) and uterine tubes (Fallopian tubes), 

Functions:

Secretion of mucus, enzymes 

Absorption, nonciliated type 

Propulsion (movement) of mucus (in respiratory system) and eggs (in reproductive system)

4. Stratified Squamous (Nonkeratinized and Keratinized)

Description:

Many layers of squamous epithelial cells. 

Basal cells are cuboidal or columnar and metabolically active

Surface cells are flattened (squamous)

In those with keratin the cells are full of protein called keratin and dead.

Location: 

Nonkeratinized type in moist linings of the esophagus, mouth, and vagina

Keratinized type forms the epidermis of the skin

Functions:

Protection of underlying tissues in areas subjected to abrasion

5. Pseudostratified Columnar (Nonciliated and Ciliated)

Description:

Single layer of cells that differ in height. Some may not reach the free (apical) surface,

Nuclei are seen at different levels. 

Ciliated type contains goblet cells and have cilia

Location:

Nonciliated type in male’s sperm-carrying ducts (epididymis) and part of male urethra

Cilitiated type line most of upper respiratory tract (from nose to bronchi)

Function:

Protection (nonciliated and ciliated type)
Secretion and propulsion (especially mucus) by ciliated type

Propulsion (movement) of mucus by cilia

6. Transitional

Description: 

several layers of cells

Surface cells dome shaped or squamouslike, depending on degree of organ stretch

Basal cells are cuboidal or columnar

Resembles both stratified squamous and stratified cuboidal

Location:

Lines the ureters, bladder, and part of the urethra

Functions:

Distension and Relaxation of urinary organs (bladder, ureters, urethra) to accomodate urine in them

7. Glandular (stratified cuboidal)

Description:

Has two layers of cube-like cells

Function: 

Protection; strengthen walls of lumens in glands

Location:

Largest ducts of sweat glands, mammary glands, and salivary glands

a. Exocrine

Secrete their products into ducts (e.g. sweat glands, sebaceous glands)

b. Endocrine

Secrete their products (called hormones) into the blood or extracellular fluid.

III. Connective Tissues

This is the most widespread and abundant type of tissue in the body. 

Connective tissue in general supports the body and protects organs.

A. Structure (general)

All connective tissues have 3 components: cells, protein fibers, and ground substance.

1. Cells 

Have specialized cells, depending on the type of connective tissue (fibroblasts, adipocytes, fixed macrophages, mesenchymal cells, chondrocytes, osteocytes, leukocytes.) 

Also can have "wandering" cells that move through the connective tissue and are involved in immune protection and repair of damaged matrix (mast cells, plasma cells, free macrophages, and other leukocytes)

The cells are usually widely scattered, not tightly packed.

2. Fibers (Protein fibers)

The protein fibers strengthen and support the connective tissue. There are 3 types.

a. Collagen (

Strong- give considerable strength to the tissues that contain them

Resist stretching 

Tendons and ligaments made mostly of collagen fibers. Also found bone, cartilage, and dermis)

b. Reticular 
Tough but flexible; branch

Found especially in connective tissue in lymph nodes, spleen, and liver where can resist damage.

delicate and branching fibers

(e.g. capillaries and nerve cells)

c. Elastic (flexible and resilient)

Flexible

Resilient-can be easily stretched but return to their normal length (like a rubber band when released)

(Skin, lungs, and arteries have them and this is why return to their shape when stretched)

3. Ground Substance

Ground substance is a fluid made by the connective tissue cells made mostly of protein, carbohydrate, and different amounts of water.

It helps slow the spread of pathogens, also form slippery lubricant in joints, and much of the jelly -like vitreous humor in the eyeball

The protein fibers and ground substance make up the extracellular matrix that surrounds the cells.

This extracellular matrix accounts for most of the volume of connective tissues.

4. Vascular

There are usually lots of blood vessels in connective tissue

B. Major Types of Connective Tissue

1. Loose Coonective Tissue

These types of connective tissues have fewer cells and fibers than other connective tissues and serve as protective padding in and around organs.

a. Areolar

Has very random arrangement of cells, fibers, and ground substance and many blood vessels.

Description:

Cells: 

Has cells called fibroblasts which are large, star-shaped cells that produce new fibers and matrix. (fibro = fiber; blast = bud or germ)

Macrophages are large WBCs that engulf debris and foreign agents in the tissue

Mast cells are WBCs that secrete heparin, which is an anticoagulant (keeps your blood from clotting) and histamine to dilate blood vessels and increase blood flow.

Plasma cells are WBCS that produce antibodies as part of the immune system. (foun only in intestine walls and inflamed tissue)

Fibers: Fibroblasts secrete all 3 fiber types (collagen, elastic, reticular). Fibers are loosely arranged

Ground Substance: Gel-like liquid

Location:

These are found beneath epithelial tissues all over the body, between the skin and skeletal muscles, surrounds blood vessels, in papillary layer of dermis, around organs, and around joints.

Function:

Is like bubble wrap; it wraps and cushions organs. The macrophages phagocytize bacteria. Also involved in inflammation

a. Adipose (Fat)

Description:

Cells: The cells are called adipocytes (fat cells). They are filled with fat to the point that the nucleus is pushed to the side.

Fibers: 

Ground Substance: Also has a gel-like liquid, but not as much as with areolar tissue. 

Location: Under skin (hypodermis), around kidneys and eyeballs, within abdomen, in breasts; in buttocks

Function:

Stores energy, insulates against heat loss, supports and protects organs.

b. Reticular

Description:

Cells: Reticular cells (are types of fibroblasts). Also have lymphocytes, and mast cells.

Fibers: Reticular

Ground Substance: gel-like liquid, reticular fibers, 

Location:

Lymphoid organs (lymph nodes, bone marrow, and spleen)

Function:

Supportive framework: Fibers form soft internal skeleton that supports other cell types

2. Dense

These are made most of protein fibers and have few blood vessels. Thus they take long to heal following injury.

a. Dense Regular 

Description:

Cells Fibroblasts are in rows sandwiched between collagen fibers.

Fibers: Primarily parallel collagen fibers; few elastin fibers

Ground Substance: has some ground substance, but not much
Location: 

Tendons, most ligaments, aponeuroses (covering around skeletal muscles)

Function: 

Attaches muscles to bones or to muscles

Attaches bones to bones

Withstands pulling forces 

b. Dense Irregular 

Description:

Cells: Fibroblast

Fibers: irregularly arranged collagen fibers; some elastic fibers

Matrix: has some ground substance, but not much

Location:

Dermis of skin, around cartilage (perichondrium), around bone (periosteium), fibrous capsules of organs and of joints

Function

Can withstand tension exerted in many directions, provides structural strength

3. Cartilage

There are 3 types of cartilage based on the type of matrix they have. All 3 do not have a direct blood supply.

All 3 have LOTS of water.

The ground substance of all 3 is made of complex sugar molecules that attract and hold water.

Cartilage tissues can resist tension when pulled by external forces but it can’t resist twisting and bending (this is why torn cartilages are common in sport injuries)

a. Hyaline Cartilage (this is the most abundant type of cartilage and the weakest)
Description:

Cells: Chondrocytes live in depressions called lacuna (are first immature and called chondroblasts. The chondroblasts produce the matrix and when mature they lie in lacunae)

Fibers: collagen fibers (but you can’t see them in microscope)

Ground Substance: hard, rubbery 
Location: 

Most of embryonic skeleton, covers ends of long bones in joint cavities

between ribs and sternum, cartilages of the nose, wall of trachea, and larynx, and bronchi.

Functions

Provides support through flexibility and resilience.

Reduces friction between the ends of long bones.

Supports and reinforces; has resilient cushioning properties

Resists compressive stress

b. Fibrocartilage

This type of cartilage is strong. It resists both strong compression and strong pulling forces.

Description:

Cells: Chondrocytes

Fibers: rows of thick collagen fibers in parallel and wavy alternate with rows of chondrocytes, each of which is surrounded by a later of cartilage matrix.)

Ground Substance: similar to but less firm than that in hyaline cartilage

Location:

Between vertebrae of vertebral column (intervertebral discs); pubic symphysis; discs of knee joint (menisci)

Function:

Acts as shock absorbers and resist compression.

c. Elastic Cartilage

Description: Similar to hyaline cartilage, but more elastic fibers in matrix. Elastic fibers look like a spider web
Cells: chondrocytes (they appear larger than in other cartilages)

Fibers: Lots of elastic fibers and some collagen fibers and for this reason elastic cartilage is better able to tolerate repeated bending than hyaline cartilage.

Ground Substance: gel-like

Location

Pinna of ear (out part of ear, epiglottis-lid on top of larynx that prevents food from entering the trachea)

Function:

Maintains the shape of a structure and allows it flexibility.

4. Bone 

Description:

lots of blood vessels

Cells: Osteocytes in lacunae. The lacunae are arranged in concentric circles around a Haversian canal which has blood vessels and nerves serving the bone cells. 

Fibers: lots of collagen fibers

Ground Substance: hard, calcified. It is made with calcium phosphate salts

Location: 

Bones

Function:

Supports and protects organs, provides levers for muscles, stores calcium and other minerals and fat, marrow inside is site for blood cell formation; yellow marrow stores lipids (fats)

5. Blood

Description:

Cells: 
Red blood cells carry O2 and CO2

WBCs fight infection
Platelets are cell fragments that start the process of blood clotting

Fibers: fibrin (are dissolved; can become ‘thick” in response to clotting)
Matrix: is a fluid matrix called plasma

Location:

Found within blood vessels; WBCs also found in lymphatic organs and can migrate to inflamed tissues in the body

Function:

Transport of respiratory gases, nutrients, wastes, and other substances

IV. Muscular Tissues

Close to half of the body consists of muscle tissue

A. Functions (general) 

1. Creates movement, both voluntary (skeletal) and involuntary (heart and all other internal muscle)

2. Maintains posture

3. Generates Heat

B. Types of Muscular Tissues

1. Skeletal

2. Cardiac

3. Smooth

C. Locations

All skeletal muscles, heart, and muscles of internal organs (such as those of the digestive system)

We will discuss the structure of muscular tissue in detail when we cover the muscular system later in the semester.

V. Nervous Tissues

A. Functions (general)

1. Allows different body parts to communicate with each other

2. Controls many body functions (helps maintain homeostasis)

3. Allows body to perceive changes in the environment (stimuli)

B. Structure

We will discuss nervous tissue structure in detail later in the semester when we cover the nervous system. 

C. Locations

Brain, spinal cord, and nerves throughout body

VI. Body Membranes

A. Tissues in Body Membranes

Two tissues combine to form membranes that cover and protect other structures and tissues: epithelia and connective tissues

1. Epithelial

2. Connective

B. Types of Body Membranes.

There are 4 types of membranes:

1. Mucous Membranes (also called mucosa)

These line cavities that communicate with the exterior (e.g. digestive, respiratory, reproductive, and urinary tracts).

 Their surfaces are normally moistened by mucous secretions. The mucus prevents the underlying layer of cells from drying out and traps bacteria

Stratified squamous or simple columnar with areolar connective tissue

2. Serous Membranes (also called serosa)

These line the ventral body cavities and the outside surfaces of the organs it contains and are delicate, moist and very permeable

it secretes a fluid that reduces friction and prevents organs from sticking to each other and the cavity walls.

Simple squamous epithelium and areolar connective tissue.

Serous membranes are made of 2 parts:

If they line the cavity they are called parietal membranes. (parie = wall) If they lie directly on the organ they are called visceral membranes. (viscus = organ)

The parietal and visceral layers are in close contact and the serous fluid between them reduces friction between them. There are 3 types of serous membranes

a. Pleural (lung)

b. Pericardial (heart)

c. Peritoneal (abdomen)

3. Cutaneous Membranes (Skin)

This is just another name for your skin. These cover the body surface. They are thick, waterproof and usually dry. 

They protect internal organs and prevents water loss.

Stratified squamous (keratinized) and dense irregular connective tissue.

4. Synovial Membranes

These are found at joints, or articulations. They produce synovial fluid in the joint cavities. The synovial fluid helps to lubricate the joint and promotes smooth movement.

Loose (areolar) connective tissue and squamous or cuboidal epithelial cells that lack a basement membrane.
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